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PREFACE
Thls report is the- flrst of. two reports on the general subject,
craterlng from high exploswe Charges, 1t compJ les in narratlve and tabular
form all available HE craterlng data from test series in varlous media.

The second ‘report m" X analyze emplrlcally .the results reported hereln.

The btudy was conducted ‘for the Offlce, Chlef of Engineers, Department of

the Army, ‘as a part oi“ Research and Develolament Subpro ject 8—12 -95-420,

"Nuclear Weapons ’Effects,_ on,.3 Structures, Terrain, and Waterways" (Unclassi-

U fEed)y It was accotﬂ?flished during the period -October 1957 through June

‘19591)-’i>‘y personnel of the Special Investigations Section, Hydraulics Divi-
sion, U, S. Army En(,meer Waterways Expesriment Sta.tlon, under the general
supervision of Messrs. E. P For’cson, Jr., and F. R. Brown. This report
was prepared. by SP-5 R. A, Sager, SP-U C. W. Derizel, and Mr. W. B. Tiffaﬁy
under the" dlrect supervision of Messrs. G. L. Arbuthnot Jr., and
J. N. Strauge. b _

The comments and suggestions of Cdr.- «lJ Christensen, LCdr. B. S.
Merrlll, and Maj. E. H. Kleist as to the :..yle and arrang,ement“ of the mate-
rial are gratefully acknowledged.

Ry
o

Col. Edmund H. Lang, CE, was Director of. ‘the Waterways Experlment ‘

Statlon durmg the’ preparatlon of this report Mr. J. B. Tiffany was
Technical Director.
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. : ~ ~°© NOTATIONS

-Apparent crater depth, ft

'

True crater depth,rft‘:
Hofizonﬁgl diémeter of caméuflet; ft
Vertic;l:diameter'ofvcamouf;et, ft Y
Avefage érater iiﬁ height, Tt ’
Average appare;ﬁ‘crater rédiUs,“ft
Average r&dius of rupture of camouflé%, ff
Average tfﬁé crater radius, ﬁti

Volume of appérent crater, cu.ft)

Volume of camouflet, cu ft

1

Volume of true crater, cu ft

TNT .equivalent charge weight,; 1lb

Depth of burial of charge, 't

lAverage apparéent crater angle, degrees (see fig

' Reduced charge position, 23, ey /16 3
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-2 |

Average true créter angle, degrees (éeévfig. 2)-
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N and snow.

- Any effort to perform an all-inclusive analys1s of HE craterlng exper-
S 1ments has, in-the past, met with serious difficulties betause .6t the inten-
».give and laborious llterature search necessary for the accumulstion of per-

tlnent ‘data.- This report WaES prepared in order to suimarize ail HE- crater-y

ing data in & single report and thus facilitate, future reference and corre-
latlon attempts. A/second report will analjze the results presented herein.

. The data complled herein are presénted in narrative and tabular form
and have been grouped according to data obtaihed from cratering in soils
(which includes clays, loess, gilt, sand, etc.), frozen ground, rock, ice,
Craters\resultlng from underwater shots are not: ‘considéred in
'thlS report.
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=< . CRATERING FROM HIGH EXPLOSIVE CHARGES
- DA L a '
LW Tpese 7T COMPENDIUM OF CRATEI-!% DATA

a - Ee ' :

o

“PART I:. INTRODUCTION
T PN .
i . . e

WU

+ 1. Any future application of larée HE and nuclear ekplosions”ﬁill

. doubtlessly involve near surface or below-surface detonations Wthh w1ll

AN

produce craters of more or- less ccnventlonal shape. The" mllltary appllca-

) .tlons of craterlng are more or less obv1ous-—e g., to damage or destroy

. crater formed. : P i r

-from HE explosions has met with considerable difficulty. Most of these

underground installatlons, to create. barrlers in varlous 51tuatlons,'etc.,

however, the craterlng process is now being studied in some detall for pro;

spect;ye civil appllcat;ons te accomplish a variety of tasks. Whether the
apblication~be“civil or military, it is certainly-desirable'to be able to
predict w1th the greatest possible accurary every phase of the cratering .

process, but partlcularjy to be able to predlct the s1ze and shape of the
. 2 - \'\\\ ) h T B
2. In the past, any effort.to analyze and correlate.cratering‘data

"date are presented in countless reports where they are treated as’ primary

. 1nformatlon or simply reported ‘as 1n01dental phenomena. By complllng and

‘ﬂproper]y tabulatlng a1l of the HE craterlng data under one cover, a substan-

”tlal:contrlbutlon will-be made to future efforts at ﬁpec1f1c or compdrat1ve

analyses. . R - {{ )

‘
i

3. Therefore, all pertinent Hﬂ cratering data, located during an ex-

i
“haustive literature search, have been 1ncluded in tab16u(+‘6 of the main

.+ body of this report (covering crater and camouflet measurements in s01l

and crater -measurements in frozen groundﬁ/rock, ice, and snow\ and tsble Al

‘of the appendix (g1v1ng additiona} crater measurements in soil). Fvery ef-

© fort was- ‘mdde durlng the search to of%aln every report publlshed vhich con-

Y,

’ craterlng data not’included

[

%gnrzed that some data were p

‘tained craterlng data; however, in anf undervaklng of: this scope, it is rec-

py j

L.
ably\overlooked.~ Persons hav1ng access to

: 1
his fepnrt aré requested to ‘transmit these

data in tabular form (s1mller to thé format of tables 1= 6) along with as de- i

tailed a descrlptlon of tne MPdf. as pos31ble to Dlrector,,U S Army

W

‘/f -
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lucverol test

: plished in ¢rder-to assist userF in attempts to aﬁalyze %he data.

PART II: “THE LITERATURE SEARCH AND DATA TABULATION PRCCEDURES
;Litérature
: - . } . p Sy
5. v As stated in Part I, the Waterways Experiment Statlon (ﬁ"S)‘has'
conducted, ove ‘a period of several\years, an exhaustive literature seaﬁch
of all availdble reports, papers, and oorsonal notes (some of which were,
From

at the time received ‘unpuhlished) that contalned ratcring data,'

this intensive survey, a. bibiiographyfhas been nrepared and 1s ‘presented at
the end of the narrative "portion of this report.-’
/ .

tirely from the formal reports listed in the bibliography; a small amount

The cratering data tabulated herein were. extracted almosﬁzen-

was obtained from shotwrecords dhd personal mnotes describing,various test
A Tew of the re-
ports listed in"the bibliography -did not contribute per se to the wealth of,

results.wherein cratorinb was a’ seconadry measurement .

data tabulated however _these T"s.rtlcular reports were included -since they
supplement reports from.which cratering data were extracted. For example,
references 9-12 and 16 supplement the data from the Pngineering Research Ag-
sociates’ (ERA) Undergréund Explosion test program, referenceu 13-15., Sim-
ilarly, three reports 133, 36, and 54) supplement the ‘data from the Project
Mole geries, reference 32; one report. (45) supplements the data obtained
from the Panama Canal series, references L6-50; five reports (e, 25, 28,
30, and 3i) 1noiudo information that may auUist 1n analyzing these data;
four zep01tu (3, 18, 29, and 3L) present limited compendium" of cratering
data, and two Ioportu (26 and 27) include QeuCTlpthH‘ of the soil at
°1tc

from which cratering ddtd vwere obta 1ned

“

-Grouping of Data :

Various crater measurements were obtained from more than 18CC

7.
P <,
shots. Arrangement of these data into similar or kindred groups wasgs accon)-

Grouping

°paraméters

ﬁosition o%

T vy o . S . - N
N 4 v . . B N

Y A

n




PO AL R

Media group1ng » o W -g<”” o PR
N

X ‘\

$B. Based upon the grouplng procedure Just described the fellowlng
i

|
tabulatlon shows the media groupings under which the data are tabulated*

‘i Table EE . ) Medla S - s R . }
1 Soil : - o DR
2 Soil (camouflet measurements) o o ' |
3 Frozen ground ..~ : W .
4 ; Rock qJ L . = o
6 Snow. o : ;

LR “ . . o)

8011 typre_grouping . .
9. .Crater and camouflet measurements in soils (tables 1 and 2, re-

|

spectlvely) were subdivided into varlous s01l ty%es and further grouped to
Es to moisture content

descrlbe qpalltatlvely the condition of the soil
The Pirst of these groupings- (soil types) was: ceeily determlnéd using ac-

cepted soil-classification”procedures. The groupirng according to moisture

<

content was somewhat arbitrary. Where noisture-content data were available,
“the tollowing criteria were established for classifying a édven goil es'ﬁet,

moist, or dry:

, Type Soil Moisture Content, %
" . ¥Dry clay ‘ . 0-12
: .7 Moist clay or loess ‘ 13-22 N
Wet clay or silt ‘ >22
Dry-to-moist sand 03
Wet sand " 3 >7
/ﬂ It is recognlzed that the ass1gnment of numerlcal limits to the various con-

ditions of wet, m01st, and dry is highly dependent on graln s1ze, organic

content,  etc.; however, the vriteria given are belleved to be,acceptable as
a ”rule of thdmb“ for grouping the data into similar conditions of moisture
content. ’

-

lO. When moisture- content data were not available, the ‘soil d&%
placed in a given catego1y based upon "its general descrlptlongcontalned 1n:
tHé partlcular report. 80115 that. could not be classed asg.wet, moist, or
dry were grouped together and , labeled indefinite.” ' !

Groupinp by pharge shape

" 11.—Among the shots 1ncluded in the~tabulatlons,emany O£A*belcharﬂesn,

ggh“e,e‘mv E detonated were not spherically Waped. Because of thls, it was necessary

§

i v




. \X

e ‘ - to deflne arbltrarlly when a glven charge departed sufflciently from resem-
) ‘ bllng a p01nt source of energy to be considered a shsped charge.' Perhaps
e s the best way to define. which .charges are cornsidered shaped and which
“ ‘ ! unshaped is to describe the unshaped charge. To begln with, an ﬁnshaped
'Q f e | charge exhibits blast effects as though they orlglnated from a polnt source
- 1 ‘ of energy. Accérdingly, spherlcally shaped charges. were considered ‘
unshaped. Also, charges'that were, cubically shaped or that were built up o

of smaller charges 1nto a cube were uon31dered to be unshaped ‘Likewise, .

o

cyllndrlcal or.rectangular charges (w1th square base) were not consldered

shaped charges provided the height-to- Qiameter (width of base) ratio wms
-less than 1.5, All charges not falllng within- these restrlctlons were con-
51dered to be shaped or to propagate ‘the exp1031ve energy asymmetrlcally to
an obJectlonable degree.
) '12. Grouping by charge shape was requlred only in table l as ‘the
date cehtalned in tables 2-6 were obtained from shots involving unshaped
! . o charges exclusively: ’Cratering data derived from detonatlons of shaped
” . charges are presented in sheets 19 -2h or table L.
Charge position grouping !

'
,’- i

13. Order.  BEach shot. from a given series of shots in a given med.j.um

"~ was listed in order using the charge position as the governing crlterlon.
"Those placed highest aboveground were listed first, and those positioned
decpest undergrouhd were listéd“last. This grouping was based on‘the‘re_

- duced’charge pesition, Ac . In heeping with"cenventiohal practice, TNT Vs’
used as the base explosive; all other explosive types were.converted to
equivalent weights.of4TNT by.using conversion factors, when such were,avail-
able, 18 described in the following paragraphs.- » ﬂJ -

14. Conversion of other explogives to TNT weights. The only avail%

). *‘
N . able conversion factors for craterlng were those developed by Lampson. 2l

al

In a series of experlmental tests equal welghts of TNT and some: other ex- i v

o

«

“,plo ive were detonated al’ identical charge p051t10ns. The craters were

. measured and the crater radii compared. As defined by Lampsoﬁf

. 4 1/3
i} L . - ) ) ry. — Ex Wx : /‘
H T vt Eme Winyr
o %* Raised numbers refer to simllarly numbered items in
end of text. .- ,

S ‘ T~




5 ) ~ .- . . U n X o ) “«
I . \, : ‘
i
[ ; ‘ 6 ‘. - o .
" where o : . . ) I - e T .
‘ r = crater radius using explosi%e"x , Tt o ) T "'L
Lo =”crater radlus u31ng TNT ft ) ) , , l ;
. EX = exp1051ve {antor for explosive x , dimensionless_ e T
ETNT =_explos&ve factor for TNT dlmen51onless, ) . : o o : »‘
i W = weight of explos1ve x 1o - B o A ‘
y jﬁHWP = weight of TNT, 1b : R ;.‘.
_ ' SinceuTNT.is used as the accepted base ‘explosive, then ETNT = 1 and ﬁ,. - —
r W, 1/3 < o . - )
E- = =X - TNT : o e W
x T E\TWL L
. TNT~ b 3

Ta nonvert a glven amount of exp1051ve b 4 to an equivalent weight of TNT,

a specific weight of TNT must be found that will make .

Las = T oflikril =1- A '
TNT - x ’ 'rTNT - . . | H B

Therefore,vgéom eqﬁation 1,

; e }" | Agait’]"’,‘ ETNT = l“ and ‘ N - !
W \Y/3 ; \
E =| ML %
3 bYe W . .
X
i or ) ) s ” T
| . . )
i . {
W . _ ,3
. . wTNT Ex,wﬁ
: Lettin? EX3 = k , the conversion equation becomes L PR

“4 Note- that 'k in equetlon 2 is equivalen+ to Lampqon s E 3 A

W e . 15. " The follow1ng conver51on factors vere derived by Lampson- in ER
~ ) ——z i - . -
. reference 21, .
i e I
Z ) o “ . v ) ; - -, L S ) @ ;.,’,
S - i ’

; . N i | a :
i - ~ﬁ ) G : 4 -=
. - }l : H i mem
= e - AN v : . y v
= 1‘ 3 - 4(‘1 MR - ,/1’; ) - .

a e ":7 I = BT — - : “ i ,.; e T

o “ B T
- . 2
4 Ny i = n ~
LY - 3 e %
o N I “ W o - =~
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al1st1ngs.

s

It should be ‘noted that

only and may be 1nappropr1ate for crater’ depth, however,

version system was aval
to convert these types
. gion factors for these
amounts of energy, arc

16..

By means of

) Explosive ' -Conversion Factor, k \
e [ . "
-Amatol .~ " 0.94 . ) w

= Composition B = 1.06 . oo -

1 Dynamite (40% extra) . 0,68 v T v T e

' HBX-2 e L 1.527 = 3
Minol ’ 1.8 . R

N Pentolite - SI.23 " .
CTNT 1,00, v ..
Tritondl 1.37 0

‘-gf” R _
the abOVe llsted fsctors are based On crater radlus

lable, the foreg01ng was used throughout thls report
of exp1051ves to equlvalent welghts of TR,

saine explos1ves, baged -on the release of equal

3

riven in a paper by Cdr” Chrlstensen. ) -

the above listed factors, equivalent welghts of TNT.

in determining the value of X

approprlate for the

51nce no other con~""

Conver-

A”factor was not avallable, a value of k

were computed and used

_specified shot geometry For “those eyp1031ve types for which a conversion

was determlned by using the ac- N
tual welght of the ex£10s1ve in conJunctlon with the partlcular depth of 'ﬂ

'burlal'or charge. Although this pfucedure is only approx1mate, it does pro-
vide a means of;szc1ng the shot at or near its proper location within the
respective tabulations. - -0 ‘ "

‘Charge-weiﬁht~ﬁrouplnn 57“,‘

17. shots

burlal;(A remalns,constant), the shots were tabulate& in the order of”

When several were detonated at a common scaled depth of

aacendlng Welght of charge. AR ' ol

Table Nomehglatuﬁe

18.

and the following de3crlpt10ns are 1ntended to clarlfy these headlngs.

The column ‘headings. for the s1x°tables are nenera]ly the~ same,(’

. Item Number provides a c0nsecut1ve count -of the total number of

) i .
Source reveals‘the source of the data listed the n',ber refersrio

thc correspondlng number in-the Blbllogrephy. T e N e L%

g

PESY
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PART III: CRATER DIMENSIONS

— ¥
. "

P
"

ﬁethods of Measuringﬁthe\Various Qrater Dimensions

©

Various methods. were used to determine the

9.

Tlulated herein, partlcularly in soundlng the true crater.

paragraphs dlecuss these methods

A

¥

/:Routlne survey method .
' 20.

termine the proflle of” the apparent crater.

L=

minlng af the change 1n elevation that occurs over an

crater dlmen31ons tab-- .

The following -

o

Thls method adapts the 51mple level~ ourveying technlques to de—‘
"This simply 1nvolves the deter—

establlshed crater

dlameter.j Varlat;ons of this, rudimentary technlque are also ﬁsed 1n“

determlnlng the true crater llmlts.
Probe method
oi.

This. 1s a method of establlshlng the limits of the true crater

and.is based on detectlng a marked change in res1stance to penetratlon by a

probe The probe is pushed through the fallback (see
sistance. to contlnued penetratlon increases sharply.
edly océurs at the boundary of the true crater which i

the crater that ex;sted prior to any fallback.

figs 1) untll the re-
ThlS increase suppos—i

s deflned 81mply as

Measurements obtalned uging

this method~ekhibit considerable scatter which is primarily due to the fact

that the probe can penetrate into a fissure that is in reallty a part of

the complete rupture zone, thus dlstorting con31derabl
that should have been observed.

thls method, its use has been abandoned.

ORIGINAL GROUND LEVEL
- 1

APPARENT CRATER
——--TRUE CRATER

Ve
ey
e

°

‘Fig. 1.

a .

e

Colored-column method
,.22.ﬁ

g

Schematic crater section

Along a"line passing through groundczero, holes 2 to

y the penetration

Because of the" inaccuracies 1nherent in-s

2,

@




T overy similar to the natural media.‘

/

N

10" .

,,pected depth of the crater at any .given range .from. surface zero.

“diameter are drilled to depths roughly 25 per cent greater then the ex-
The holes L

e

are backfilled With a mixttre of . relatively fine sand, lime, and cement

“i“coloring in propértions that will provide density and strength properties

cxcavatcd parallel to the line of - holes but offset therefrom about 3 to
6 in, This 3— t0 6-in. excess is then shaved away until the center of each
colored column is- exposed The .columns are then surveyed using the routine

survey method described in paragraph 20 This colored column method is

very accurate for determining the limits of the true crateér.

‘Hand excavation q . S o ca LT r

“

233 In this method all loose materigl (}allback) is removed by hand

and the "clean" crater is the% surveyed. This method is appropriate for"”
craters up to about 25 £t in diameter
veyed more easily usihg the colored-column méthod. The hand excavation

method is Just a8 accurate as the colored- column method and is preferable

in many instances, particularly for small craters.

Primary and Derived Crater Dimensions

[

. Primary dimensions

. Among these are:

ol Primary crater dimensions are those that are measured directly.

radius, depth, lip height, camouflet diameter, and per-

haps others that some agenc le may have obtained. Definition of the more

widely used crate% dimenSions are shown schematically in figs. 2 and 3
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Fig. 3. Schematic diagram of typical cémoﬁflet and agsociated ground rise

\ PR,

25. The craterlng data reported 1n reference 35 descrlbe the crater

radius as being the distance from ground zero .to. the maximun helght of the’
_ R - crater llp. After a cursory study of crater shapes at varlous scaled B “
“ “ ' depths of burlal 1t ‘was concluded that these measurements could be made‘ "“T'f'

cons1stent with the definitich shown 1h fig. .2 by multlplylng the recorded

J
i |
“radius by O. 8. Therefore, all values of crater radlusféxtracted from R ‘ Agj

T A ] "
o refefence 35 were reduced in this manner.{l' o .
26. Some of ithe cratering data llsted in reference kl were 1nflu-

gnced by &an underlyﬁng rlgld interface when the depth of. overburden wa.s

tq less than & certalﬁ“amount. For: thls reason, craterln data obtained from

those shots 1nfluenced by the prox1m1ty of .1 the 1nteridce were not 1ncluded
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Derived dimensions

=27, Derived crater dimehsions“are those that are computed.

N

these are: area, volime, and sometimes “the crater angle (see fig. 2)

T

crater volume was obtalned by -various agencies in several WAys.

. however, it 'wasg computed by revolving the vertical, cross-sectlonal area . -
of the crater through 180 degrees.
crater proflle was used and revolved~through 360 degrees

cases, the crater volume was défermined by flmllng the void w1th some sub-

‘stance, noting the quantlty used.

were extracted dld n&t descrlbe the method used in computlng/the crater

volume.

‘profile when it was prov1ded. “When - proflles were not avallable, the depth,

Hradlus, and llp helght were plotted on regular graph paper and an assumed

profile of conventiohal -shape was drawn through these plotted polnts.

appropriate crater anglé was then measured from the profile as drawn.

In some 1nstances, the average half-
In 1solated

Many of the references from which data

28. The crater angle (fig. 2) was. determined from.the average crater

A,

PEiS
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. _ . PART IV: ”PROPERTIES OF THEnVARIOUS MEDIA CRATERED
— ’ﬂ’, T :; Loa N |
"'29. Since the size of s crater is.also a function ‘of “the physical

properties of the surrounding media, a general summary of these properties
'_ is presented for each of -the test sites” far which information on the media -
. was available.
tain or all of the 1nd1v1dual shots; however,- the summary that follows is

-

based on averages of the datg, provided.
\

© Wet Clay-

Dugwey Proving Ground,

Utah (table l, source 15) #"_ . o : o '

30.

“‘*‘*“‘ground “proper.

The test s1te is located about 30 miles-

i

west of the prov1ng

. . Vi -
"The material at the wet-clay site consistéd of flat-
lying, undisturbed layers of clay, the thickness of these
layers ranging from 0.12540 2 ft. PhySically, the clay
‘was quite homogeneous, thé apparent ‘layering being marked
primarily by color variations. The deepest depth of clay
recorded in & test drill hole was 62 ft. Below this depth,
interbedded clays and.sands probably occuryed. ’

"Approximately vertical Joints were quite numerous at
the wet-clay site. "In general, they were not so wide as
those in the dry clay, but some were open enough to permit
the. flow of water. Most of the joints struck- north-south,
but some occurred which struck east-west. '

"Seismic surveys, made by the Corps of Engineers, in-
dicated that the seismic velocity was 2800 ft per second ;
down to a depth of 3.5 ft; below this depth, the seismic fi
velocity was 5600 ft per second. -The 3.5-ft level prob-

~ ably corresponded to, the water table. "15

A*summary of the Dugway test-site soil data is presented in table 7.

Canp Cooke, California
.,(table 1, source 32)

31.“ Test _shots 311, 312 and 313’ of the PrOJect Mole test series
were: ‘detonated at this Site which is located near the mouth of the Santa j

5. ft above the .

D

Ynez River where the ground surface was approximately

”water table.

[

B B s P . Loy ol s #

. Several of the test series reported soil properties for cer-:

i g .
The surface was hard 31lty clay underlain by moist sandy r-la.y “ngtf?r?*
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site..
-

" Clear Leake, Texas

to a depth 6f“at lefst

22 ft. )Table T

wif?
a

summarizes’the 8oil data for this " -

o o9 - “

32.

T (tablem144»ource 20)..

i

The test program eonducted at Clear Lake was "accomplished as a

part of the Underground Explos1on test serles

. Thesé detonations téok

#place in Gulf Coast clayJ which "is more spec1f1cally typed as*“*sedlmentary

clay,

mic survey,. which revealed a, veloc1ty of 1020 fps to a depth of 7. 5 ft and

a velocity of 5610 fps below this depth.
mic velocity seems to deﬁlpe the upper l;mlts of the water table which.

fluctuate during different seasors of:the year.

« Panama Canal

(table 1, source 49)

N

- 33;

i

All test shots ;. detonated in marine muck durlng the P&nama Canal -

B test program were mede in an area between the orlglnal canal and the south

Miraflores approaohv\hnnnel +6 the THird Locks of the Panama Canal.

-wéak plastic clay.

"The muck dep051ts are soft, very moist silts, c¢lays, B

and organic deposits,.

facies which intergrade laterally.
,gray to blue-gray silty clay; an organic black’silt' con--
"taining shells; black semi-decayed vegetable substances
“intermixed with silts; and light-gray or yellow-gray,

This material was formed by deposltlon

in swamps durlng Pleistocene time.

which may be subdivided into four

These facies comprise

"The area used for testing is partially covered by 3
to 5 feet of old hydraulic f£ill of 'which the ‘top one-foot.
is. a crust of medium-hard, medlum—plastlc, cohesive, brown,

loamy clay. 3t
the area at high, tidex

sof't scap or grease.
3.to 12 feet.

were embedded in this soft mucky’ clay

This crust is softened by water that novers
Directly beneath thé brown clay is *
a vefy soft very highly plastic, gray clay that resembles

" This layer varies in thickness from
Most of the shallow and medium depth charges

Below this stratum

is & layer of silty sand from 1 to 3 feet deep which is fol-
lowed by mucky clay and silt which reaches a depth of ‘20 to.

30 feet.
26 to 36 feet: 149 .

- The top of weathered rock varles from-a depth of

i
u

B

Apparently the 5011 exploration for thls site was llmlted to a seis-

This sudden incréabse in the selsw

L

EI N S .
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were as fOllows

i B
S I

Moist Clay / .

¥

~ WES clay.ped- (tables o

and 2, sources 39, 42, Uk3) g : . o T

“ 31+.
Black test site located approximately 10 miles eoutheaét of Vicksburg, Mis-
The shots were detonated in.a 200 by lOO— by 8-ft-deep built- -up

"Craterifiz tests in moist clay were conducted at the WES Big

sissippi.

“clay pad (see reference 42 for details of construction dT pad) - A qual1¥

tatlve description of the soil is presented in table 7.

Vlcksburg clay
(table 1, source hh)

35, All test shots in moist clay for the WES energy- partltlonlng

. test program were detonated near the WES Big Black test 51te in a natural

clay area. Averdge Tesults of Atterberg lelts ‘tests on the natural clay
the plast1c1ty index varled with depth-from 30 at 2 ft to
l3 at 5 It to 6 at 23 ft, and averaged 13.

taﬁle R

Addltlonal data are Flven 1n

Panama Canal residual
clay (table 1, source 50) ‘ L

36.
tést series were located in an area of the Panama Canal known as Whlte s

Island.

All test shots fired in residual clay during the Panams Canal-

The area 1s an. undlsturbed clay barrier (located in the Thlrd
Locks allgnment) that had been cut down to thé present elevation and main-
tained as a;dam4fetween Miraflores Lake and the Third Locks excavatiOn '
channel.

The|material consists of a compaet, slightly plastic,‘medium co-

hesive, .red and gray clay that is,very uniform in physical Characteristics

) (see table 7).

London clay -

(table 1, gource 1)

37. No detdlled 1nformatlon on the soil was given for the tests re~

ported as. conducted ln London clay However, that the clay=

it was assumed
4 B M

“ln thle zeglon would be m01st to wet, . - .. " ’l””: -

e
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" Dugwsy Proving Ground

.,(table 1, sources 15, 32)

38. Test shots 301 through 320 of thé ERA Underground Explosion test
program and test shots 101 through 111 of the, PrOJect Mole test program

 were conducted at Dugway Proving Ground, Dugway, Utah. ‘ [

Le]

“ g

Explosion test program.

"The dry clay ‘site was lgeated-at White Sage Flat, ‘about
12.7 miles by road from the Dugway Proving Ground .base camp. __
The 'site was 1nvest1gated by the Corps of Engineers and its
characterlstlcs reportnd in detall...Great depths. of lake
sediments {fine unconsolldated material) were deposited -
there. Very thin sand lenses.occurred and, below a depth
of. 20,.feet,” sand heds from one foot to ten feet thick were
.found. A white marl layer, whose thickness varied from hole .-~
to hole, was present. Many of the thin beds of the clays
were dlscontlnuoue. T - g vt

"The most 1mportant1§tructural features .of the dry clay
site were two’sets of vertical joints, one strlklng north-
:south,end the other east-west. The north-sguth joints were

" more prominent, some of them being from one to two inches
wide and filled with fairly loose clay. It was felt that
the presence of these joints had a significant effect on the

results obtained at tiié dry clay site.

"Fourteen seismic lines were ‘shot, at the dry clay site
with velocities ranging from 1000 feet per second at a depth .
of 3.7 feet to 6150 feet per second at-a depth of 93 feet:
A velocity of 5h00 feet per second was ohserved at the'
greatest depth measured, 138 feet.

. "Ground water at the site was. considered negligible;

" and it was believed that the water table lay at a depth of.:
300 feet or more. No water table was encountered in the
exploratory drill holes, one of which extended to a depth

‘of 163 feet. A zone OFf caplllary saturation was reported
‘ in two of the drill holes at 8 depth of 136 feet."15
59. For the Project Mole test program ‘the moisture. content of the

soil was estimated .to be b“eater than it had been during the Underground

A summary of the soil data is presented in

" table 7. - T T ‘

ey L -

Q It
. o . A

Aberdeen Proving
Ground (table 1,

Lo.
of whlch”averaged about 90 b per Tcu fb."  7 T i

source 17)

. These tests yere conducted in a very "hard, dry clay, the density
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"H

Naval Ordnance Labo- e e s S
ratory (table 1, source 35) : . o b

hl. A1l craterlng shots durlng th1s test program were detonated 1n .8

heavy, rock free clay. The location of the test o1te was not reported.’
Because—of congidetrable weather varlatlon, the moisture content of the clay’
varled over a wide. range of values. Specific values of moisture content

were not glven

| Wet Samd

-~

Aherdeen Proving SO , %%

Ground (table 1, source- 6)

‘42, Test shots lAl6 through 5AL2 of the Ballistics Research Labora-

tory (BRL) spherical charge test program weve detonated.at Sandy Point

Beach, “Aberdeen Prov1ng Ground,, Maryland Apparently no detailed soil ex—7
plorations, were made at this s1te excdept for determlnatlon of the graln-

size disttibution. 'The .grain-size analysis is as follows:

U. S. Sieve Size ' - .%- ‘of Total
No. Openlng, mm Sample P3531ng
10 20 - - 98.1
20 0.8k : 9.9
Lo 0.k 46.2
60 0.25- 11.9
1o, 0.105 .. < 0.2 -
200 0.07% - . 0.0

In dualitative terminology,”this sand would be considered medium to fine
grained. s "

1

. Dugway Prov1ng“Ground

(teble-1, source 15)

( _ 43, Test shots lOl through ll6 of the ERA Underground Explosion test

¥

,program were made a+ a 51te locaded about 5 mlles east of the Dugway Prov-

ing Ground base camp The test area consisted of ‘sand dunes with.the dlf—

ference in elevation between trough and crest belng about 20 ft. The sand;

" depth was greater than 100 f't. Lenses of clay and thln beds of white ma,rl_tt

were presént near, the surface, and at lower depths _some gravel lenses were

present.o . » ]“ -

hh Although the s1te was referred to as & dry sand site, the data "

4 - EEEEYS
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" obtained in tests(therein'have ‘been placed in table 1 along with the data
from the et sand &hots. Reference 15 states that ddmp sand. was encoun-

Frequent raln squalls durlng the firing

tered at a depth. of a few inches.

belleved to be somewhat deeper than 170 ft. Con51derable moisture was

—engountered in the lenses of clay and the rather deep layerb of cemented

sand and gravel.

"45. Results of seismic axplorations indicated the seismic velocity

40 be 800 to 1000 fps in the dune sands, and ﬂ@ob'to;zooo,fps in the water-

lajn sands below., Selsmic values of 8000 to 9000 fps were encountered

", below 10C ft.' Morﬁ spec1frc data on the Dugway test area sand are glven in

table - 8.

Camp Cooke
¢ - (table 1,

o

source(BQ)

Y

o

e 46, Test s%ots 301 through 3lO of. the PrOJect Mole test program were ”

detonated near Camp ‘Cooke, - Callfornla ¢

"The test
"This lagoon

formed at the!mouth of the Santa Ynez Rivér.

is blocked from the open sea by-a sand bar and observa-

tions indicated that the water level did not vary meas-

urably with daily tides or

otherwise. The original ground

surface at the test site was approximately 2 feet above
water level and the soil consisted of silty. sand mixed
with organic matter for the first 2 feet, with saturated

sand. underlying the area.

The test drilling showed that

this sand.was reasonably consistent to a depth of 20 feet
where it was underlain by the so-called Monterey Shale.
For the test series. the orlglnal surface was removed by
bulldozer in the v1cln1ty«of the shot points and blast
lines so that the final guriace was from 12 to 21 inches

above the water table. "5b

Other data on this material are presented -in table 8.

WES interface study

source 41)

(table 1,
L7,

Teet shots 31l,and 32 of the WEu'501l-rock interface. study were

detonated a+ the WDS Big Black test site.

Data from test shots where the

goil- rock interface influenced the shape of the crater (ehote 33 thropgh

36) wete, o

face was—formed by a mass1ve concrete slab-w1th an’ overlylng layer of sand

car

y

NG
DY
W
"

itted from thus fepozt (see para"rapn 26)

< The 'soil-rock inter

/

(S

?

‘gite isg located on the banks of the lagoon “;H“"H

program malntalned the m01sture at thls depth,rhowever, ‘the vater table was
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"The sand was "pit run" and was kept in"a‘egturated“state (see %able:B),

. Marshall Islands . ’
" {table 1, source 53) o ,
s ’ L e e k8. In-1952, HE- shots were fired on Elugelab Island, Enlwetok Atoll, B
“ v,#iAJ . . ’ i . 1n material that 1s defined as a water saturated coral sand. Apparently no
- — - . ‘detailed soil exploratlons were madé at this 51te - - oo e - e
. | Dry-to-Moist,Sag" " “ “

Yucca Flatsg i _
(tible 1, sources 2,°7)

49. The HE test shots of“Opefation‘JAN&LE were’fired”at Y&cca Flats
of the Nevada test site. For ail practicai purposes, the test area was

&fi} . ) © flat. The s01l was defined as- extremely flne, powderllke sand mixed w1th
o \*vsome 5ravel The seismic veloc1ty vas 3000 fps to a depth of 100 ft. A

summary of" Sther s01l 1nformatlon i8 presented 1n table 8
Aberdeen Prov1ng . :
Ground (table 1, souicé 6)

50. Test shots 5C1  through l/h c8 of the BRL spherical-charge test
) . . program were fired at Aberdeen Proving Ground in a large sand pit 48 in. .
' deep. . The average m01sturc content of the sand was 3.3 per cent.: npparf_

- S 4 ently no further soil explorations were made at thls .site except for

determlnatlon of ‘the grain-size distribution; whlch was as follows

U, 5. Sieve Size % of Total
No. Opening, mm Sample Passing
6 3.360 . 90.12
10 . 2.0 79.26
20" 0.84 55,28
30 .0.59 39.01
40 0.42 20.70
- 60 0.25 kb2
.. . 100 0.149 3.88
] ‘1o 0.105 0.66
- eoo - 0:07T4 0.39
“j 2 Qualltatﬁvely, this would be regarded as-a coarse grade of sand.
g i v et e i . e
- %/ o Vicksburg dry sand S ' o i ‘
T / (table“l, source 40) SR : - S
- - ,}*‘ S —— sand test “sei T
- . foo - . w5 -
? ! e " - R P
o . bn" " d = & °
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QWES interface study t o

51te in a rectangular pit approx1mately 10 by 10 by 2. 5 ft. The sand wasﬁ
cla551f1ed as being clean and well-graded. Care was taken to remold and
recompact the sand after each shot “to av01d appreclable den51ty variations.’
(table 1, source hl)

' 52, Test shots 1-21 of the WES soil-rock interface study were flred_,

at. the’ WES Blg Black test site.

Data. from test shots ‘where the. soil-rock
1nterface 1nfluenced the shape of the crater (shots 22~ 30) were omitted -

from table 1.
(see paragraph 47) had a density ranging from 97.6 to 109 lb-per cu”ftauand

The plt run. sand overlying the simulated soil- rock 1nterface

averaging 103 1b per cu fto Moisture content sampleSHWere taken at 0.5-,

.1.5-, and 3. O t depths, and the average muisture contents for these respec—

" of the WES reservation.

\tlve depths were 4.4, 6.8, and 7.3 per cent.

table 9

The over-all average moisture
content was 6.6 per cent _OtherAsoil data~ffrfthis.site are given in

table 8 ‘ j" R : i

n
Loess™ .
Bffects of Underground T ‘ '1 N

Bxplosion tests, Natchesz : ) R
Mississippi (table 1, source 20) : -

53.

All test shots detonated in loess durlng the Effects of Under-

,ground Explosions Le t progran ‘were, flred at a site near- Magnolla Bluff

Apparently no detalled soil
The

about 7 mlles north of Natchez, MlSSlSSlpplr
explorat1ons were made at thigs site except for seismic exploratlons
moisture content of the 5011 although not spe01f1cally reported, seemed to
greatLy affect selsmlc veloc1ty, therefore, on]y the surface selsﬁlc veloc~
ity of 960 fps was con51dered accurate. The selsmlc ve1001ty at lower

depths varied .considerably.

VlcksburL loess "‘ e ‘ ' =

source 39)
H L

These experlmental tests were conducted in the northeast portlon

(tavble 1,
Sk

The joess in thls area is very extenslve and- homo-

geneous. A quant1tat1Ve descrlptlon ‘of the materlal is presented in .

-

8

i .

Q

b

o
"o
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. .~ Vicksburg silt - Ly
L= S e T (table 1, source hh) N

"55." Test shots 48-59 of the WES énergy- partltlonlng test program
were fired at the WES Big Black test site. The teqt area was about 100 by

200 ft. All shots were flred in undlsturbed natural sandy silt s01l oA

summary of the soil data is presented in table 9. . _ f\
. . o \-
” . . '
: A

, - Camp Gruber, Okla- B
o e homa (table 1, source 5) . : o T

56. Several test shots were detonated in various soil types durlnt7
i . ‘the UET program, a portlon of which was conducted ‘at. Camp Gruber. The
L e . test site is located in Muskogee County, Oklahoma., approx1mately 14 mlles

' southeast of Muskogee and 60 mlles southeast of Tulsa. . o

W

"The soils at the site are more or ldss heterogeneous
2 - and consist of all types of material. ranglng from fat silty”
’ clay to cone81onless clean sand. Water contents range from -
completely dry sand to saturated sandy silts and clays. In
general, the more plastic materials are overlying the v
sandier materials...Geologqcal investigations reported by
the U. 5. Geological Surveyj show that the tests were con-
i ducted in lacustrine terrace materials deposited during
Pleistocene times. The bedrock consists of moderately
) ] dense sandstones and shales from the Yinslow Formatlon of
" . Pennsylvania Age."?

Princeton clay loam g - e ' . }
(table 1, source. 37) ;

57.. During l9hh tpst shots to determine the effect of . charge shape

and orlentatlon on craters in clay were dewonated near the’ Ballistics Labo-'/
! ratory at Prlnceton Unlverplty Statlon, Princeton, New Jersey.' The soil
vas undisturbed, dry, hard, Sassafras clay loan. Apparently .no’ detalle

soil explorations were made at this site.

S . N

Frozéh Ground ;
- - . S i ” i
7 . Keweenaw 81lt : vy . : e A
(table 3, source 22) : : e h“
& o { v
7
b
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© 10 in. in thickness, below which igneous and sedimentary boulders were dig-

* Atlas 60, and Coalite 7-5 (2- and 5-1b charges only),;were detonated.-in the
“aree designated as Blast Site A, At Blast Site B, 20-1b shots of Coalite
- -8 were.detonated. ‘

.3 1ni

‘frozen gravel was lh3.3 1b per cu ft

noryhern Mlchigan The test site, approx1mately 500 ft square,'was free of -

stones and boulders and vas unifonm in “composition. The silt was strati—

fled with' thin lenses of sand and organic deposits that vere. apparently not

contipnuous. The soil classlflcatlon showed the area to be predominanqhy A

sllpvand sandy silt, Plast1c1ty tests indicated the soil to be, in general; ‘
nonpléstic or of low plasticity. Prellmlnary exploratlon indicated thatqpﬁﬂfﬂlal" _
the silt layer vas T.ft deep.r The m01sture content of samples of the soil

varied from approx1mately 30 ner cent to slightly more than 100 per cent.

A summary of the soil information from test shot_ lBh at this slte‘f?;_fnb
presented in table 9 . L y o - : ‘

Fort Churchlll till. R B gyﬁ\\\ )
(table 3y sources 23, 52) : = . - ;

59. Tests were conducted at sites:loecated Just south of the’ '
Churchlll Manitoba, alrfleld in 1955 and 1957 The test shots fired. " \
during “the winter of 1955 were ‘accomplished at two test 31tes, A and B,

both in the same esker. Three explosive typesg, i.e. Composition.C-3,

60.- Blast Site A consisted of a layer of gravel ranglng from 6 to

persed at random in"a matrlx of unstratlfled frozen clay referred to as un-
stratified till. An average unlt weight of 148, 7 1b per cu ft was obtalned
from five large’ chunks of the unstratlfled tlll. .

6l. Blast Site B consisted of random layers of frozen vegetable ‘mat-
ter over a- l2~ to- 36-1n layer of froZen gravel with dnstrat;fled till be-
low H .The Vegetable-matter layer, whlch contained ice lenses as much as
thick, had a maximum thickness of 12" in. The average weight of the
froan—vegetable layer vas T4.6 1b per cB"ftﬂw The average weiéhtéof the‘i

62. The speclflc test site used during the 1957 test series {8 not
descrlbed other than belng at Fort Churchlll. . S - B




- were flred in the arca known as Cerro Llrlo Quarry.
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Basalt, Panama Canaliry
Zone (table 4, source 46) .

63,

R o U

Test shots 1-10 and lh of the Paname Canal basalt test program
Test shots 11-13 were
‘Test shots-15(1A) through'
18(k4A) were detonated in the area known as Fort Kobbe Quarry.

detonated in the ares known &as P&J& Quarry.

"The basalt is a dark gray, compact, very hard, fihe-
grained rock generally closely to moderately jointed and
“T—often showing columnar structure. It occurs in ‘flows or
as sills and dlkeS\untruded into sedlmentary roffks of
early Miocene and older age. At Cerro Lirio. Qui rry it is
a very hard, Jjointed basalt. " Quarry blastlng in the past
apparently ha.s superficially weakened the rock. The rock
at Paja Quarry is one of the Hardest basalts known in the
v1c1n1ty of the Canal Zone. It is more closely Jjointed
than the Basalt at Cerro Llrld and has a prominent colum-
nar structure. The rock at the Fort Kobbe Quarry is a
dark-gray to blue-black, very hard basa]t simjilar.-in ab-
. -rasion resistance to the\PaJa Quarry rock.,,JOLnts are
‘more widely spaced than everage for Canal Zone basalts,
and columnar structure is léss prominent. Many of the
Joints contain a secondary filling of siliceous minerals,
quartz and chalcedony." ; .
hS W, e v W : ).(

Niobrara chalk, ‘gite of Fort .
Randall Dam (table Y, source 8)

i 4. All test shots in chalk during thls U. s. Bureau of Mines test

program were detonated at Fort Randall Dam site, Plckstown, ‘South Dakota.

" A summary of the physical pro§ert1es of the fock at thls site 1is presented

'ln table 10: : . “'“e .o . - .
o L . "7 e . ) \) . ) » o .

Unaweep granite, Grand Junctlon,
Colorado. (table 4, sources: L, 13)

‘ 65 Al tesj
(csM) Underground

"

shots Tn ‘granite durlng the Colorado ochool of Mines
_b%plos;on test program and the ERA Underground Exp1051on W

test pu ‘ogram-were detonated in Unsaweep Canyon, about 25 rosid miles south of

Grand Junctlon, Colorado. .Two types of granlte occurred at the test - ulteS,

a flne- to coarse- 5rained llght gray granlte and Klvery coarse grained gran-
ite. lThe CSM test shots Were accompllshed71n the fine- to coarse gralned _’

.light—gray granite.
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W 'f o . .of the phys1cal propertles of the rock 1s9presented 1n table 10.

Granlte, thhonla,
=grgie-.(table 5 sdurce 8)

[

o

1wf">Auw;~ o 66. All test shots ird granlte‘durlng“the U. 8. Bureau of Mines test
- - program were detonated at the granlte quarry of Consolldated Quarries Corpo-
ratlon, thhonla, Georgla. A summary of the phys1cal propertles of the

‘jrock is presented in tableulO a

leestone, Duguay Proving ‘ T (
. Ground (table 4, source 13)

,\67. Both test shots in limestone- during the uRA"Undergro'und Explo-

v sion test program were detonated at & site located about,lO miles east.of
) Dugway Proving Ground. The limestone site was not considered to be partic-
R ularly desirable; hawever, no“better"site‘wss found indany*aree iﬂvesti-
n gated.. The limestone had several fault zones, the largest of which oc-
! curred in the upper beds. The beds in this area ranged in thickness from -
L : 0.5" to 6.5 ft. The depth to the water table is unknown. The limestone wés
" quite dry; houever, sorle moisture was nearly always present along erosion
channels The seismic velocity ranged from 70CO to 12,500 fps and .averaged

11,000 fps. . - . S L o

M o
u = a0

NavaJo sandstone, Castle Dale,
Utah (table" 4, ;sources L, 14)

68. All test shots in sandstone during the CSM and the ERA Under- “

groundbExp1051on test programs were detonated in. the upper part of the A\
Navejo"sandstone near Castle Dale, Utah The CSM test program was con-

ducted about 23 miles east of Castle Dale, Utah, or the northwest flank of

the San Rafael swell. The ERA test program vas conducted about 16 miles

east of Castle Dale, Utah, in Buckhorn Vash.

El
a

€9. The prlmary structural feature of both test sites was the numer-

- ous sets of extensive joint systems. Both sites cons1sted of promlnent
y/ . “ . .
W B +4=—=-joints stzrhlnv:and dipping in various dlrections. The<exposed rock in the VY

areas lose m01sture due to evaporation; however,fthe uﬁexposed rock main- k

taln 8 small amount of moisture. Because of the w1de varlations i phys-‘

ical propertles of the sandstone, specific values of these propertles are

not included in this repoz'/ .
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To Green River marlstone," lele, o A : N "% - -
Colorado (table 4, source 8) IR Pl o T N .
- - . & G - T v '!.
K ! o

, 70. All test shots in marlstone in, thls U.. 8. Bureau df Mines test
program were; detonated at’ the Experlmental 0il-Shale Mine, Bureau .of Mines,
'Rifle, Colorado. A summary of the phy51cal propertles of the rock is pre- »
sented in te.ble, 10. N

N : : . : R ‘ . .

Kanawha sandstoné, Penn- Cr o

“syldania (table L, source 8) T , Y

Wit .

71.;7All test shots in sandstone in th‘@ U. S. Bureau of Mines test g

¥ 8
5 program were detonated at Seifer Farm and Eakmn Quﬁﬁgy near Franklln, Penn-~.ii
. : o sylvanla A summary of the phy51cal propertles of the rock 1s presented in 3 P
o« - ¥ B ¢ :
) .- table 10. - . o ) P Ao X A
) ' N h B . e /ﬂ '
Culebra sandstone, Panama, ‘ . sy /*
”Canal Zone (table 4, source h?) . ;
T2. The two test shots in Culebf sandstone durlng the Panama Canal
o N test series were detonated on the west %ank of the canal/near statlons 1750
f , ’ and 1760 " The test 51te was ln/the upper member of the Culebra formatlon.
N The formatlon is composed Jf beds and lenses of gray to buff, calcareous
: and tuffaceous sandstones, 3 to lO ft in -thickness. Apparently no addl-
tional rock 1nformat10n was obtalned at the test site. ’
" Gatun sandstone, Panama f ’
Canal Zone (table L, source 48)- o , , i
”73. A1l test.shots in Catun sendstone during the Paname C?nal test
) serles were detonated at the south plug of the Gatun Third Locks”excavat;on.A 4
: ."The Gatun formation is composed largely of argilla-. ~
. ceous; variably cd’careous, fine-grained sandstones inter- ° \ . i
bedded with fine-teitured volcanlc tuffs and occas1onal A
thin conglomerate beds. Beddlng(an the formation is _masr ! oy B
. sive and remarkably uniform, with individual beds attain~ - ; ﬁ\: A
ER ~» .. ing thicknesses of 100 ft or more. A The varlably calcar- . % - M
’ ’eousﬁnature of the formation was. consplcuous o tieBed 7 7 . —— ' -
" uged; for the crater-tescts, where numerous small masses of .. . . h
herd, well-cemented sandstone graded into the, surrounding - o q
- mddiun-~hard sllghtly-cemented sandstone. The abundance of =7 -~ - #
o . . fessils show that this formation . representg the proche of . y $
A e mirine deposition of middle MiOQQEQeQSe - .gf
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Shale, Panama Canal - o - T
Zoné (table .4, -source h7) w -
’ 7&. All test shots in shale durlng the Panama Canal test series were" . 2
. - 'detonated in the Cucaracha end Culebra formatlons on. the west bank of the
. ‘_canal near. stations 1750 and 1.760. | K .
) . "The Cucaracha formation . CODSL&LS of weak locally , -
e o o bentonltlc clay shales 1nterbedded with fine, tuffaceous. #
a B s1ltstones, medium- to coarse-grained,.tuffaceous sand-.
stdnes; pebble conglomerates, thinly bedded, “black,: car- R
bonaceous, clayey shales; &id a"hard, gray agglomeratic.
tuff known as the 'ash flow.' The cldy shales, which are
predomlnant, consist of compact, medium hard, variébly‘ »
. waxy or soapy, massively bedded, altered tuffs. A char-
acteristic feature of the clay shale is the presence of
irregular, smootlily-poli¥hed; "minute fractures or slick-
ensides. The color is mainly greenish gray, but some .
lenses w1th1n the clay shales are red brown to chocolate )
KU T ‘hues. . ) o i
H# A
The two shots fired in the ‘upper member of the Culebra formation were deto- - o
B 7
n?ted in shale although the formatlon is composed malnly of ‘sandstone. -
, - i i .
u - Ice
_ Yy : ,
Camp TUTO, Greenland ~ ) h p :
(table 5, source 51) = : _ ‘ i W
75. Cratering test shots were detonated ln Greenland.-in l95> at a
|
h‘ site approx1mately 3 miles east of bamp TUTO.- Camp TUTO is located approx-‘
%e 1mately 12 mlles east of Thule AFB. The depth of ‘the jce was, greater than
100 ft and its den51ty averaged 55 6 1o per cu ft. ' ’
- Snow : -
B L A ) c ,,' . -
e _ : Alta, Utah o :‘i i o N L - B \\
(table 6, sQurce 19) .

4 7.

'conducted tests near Alta, Utah, in a snow blénket 110 t6 120 1n. deep.

I LR
: . Camp Hale, Colorado
. (table 6 source 38)
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In 1956 the U. S Snow Ice and Permafrost Research Establlshment

sﬁow‘pest program
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were fired ‘at Camp Hale, Colora.do. - The snow was; L £t deep , with the upper
N R 5 ft nomposed of dry snow and the lower 2. 5 ft nomposed . of iey snow. - The
unlt \weights of the dry snow- anid the 1cy snow vere 8 lb per cu ft and - T
- o “I2.2 1b per cu ft, re,?) getively. ) o . ) o
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Vaile, R. B., Crater Survey, Project 3 2. Operatlon CASTLE- (SECRFT FRD)
WT 920, Stanford Research Institute, Stanford, Calif,, June 1955.

, Small Explosion Tests, Phase I of Project Mole ™
{CONFIDENTIAL-FRD).
CalIf % December 1952.

AFSwWP 288, Stanford Research Instltute, Stanford,
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- _"A\gpﬁmnxx A') ADDITIONAL CRATERING DATA - _ .
oo e . 7 - ‘

Since the complegwon of the draft of this report addltlonal i

cratering data ngae beengrecelved , These data are 1neluded herein and\con-‘

fftitute,'along with the- maln,body of this report, all craterlng data availﬂ

= - <3
"(i able at thls tlme. The data presented 1n table Al were extracted from t&g,'

ﬁ Suffleld Experlmental Statlon
' (SES), Ralston, Alberta (reference Ap

AY Do f\". . _'> 2y o

Propertlestof the" Varlous Medla Cratered f{" 0o

i

R

and -the -Drowvning Ford Flats Range.
sites are virtually identical.

terial was in the silt range, that 1s, flner than the No.

various types of bem]@

tained in a bomb, on

'Rallroad Vulnerablllmy S LA . I
‘@ropram (reference Al) . Y ) N 2

4

2.

sumlng 2, packlng dengity

. 1% tons/sq. kA

Shots were - fired at the .SES in two areas, the Watchlng Hill Range
The surface conditions at these two .
Approx1mately ‘80 per cent of all tested ma,-
200 sieve.

Samples from-the topmost layers had moisture contents
ranging from 2 to 3 percent to ardgund 20 perc nt and den-
sities in the range 73-110 1b/cu. ft. yThe unj onflned com- .
pressive strength was on the average about 10 tons/sq ft.
and . the shear strength rahged from O up to a maximum of
The percentage rerovery "after a compres-

5 percent to 18 ipercent. ”AQ»

sive load of IOOO psi ranged from

When the pos1tlon of the charge center of nrav1ty was not glven,

N lt was computed from knowljﬁge of the’ charge shape and’ welgnt and by as-

90 lb per cu ft. Somerof the charges used were

j% cgmﬁutlng'*he actual welght of eaplos1ve con-- B
-hall of the total welght was assumed to be explosive. - I

. . e PR @

marlly of clay

o

L.
. nated at Fort Eust1s,~V1rﬁ1n1a.

except -for - the 378 1b charges which were flred in a soil conslstlnp prl—

The shote fired in’ the Railroad Vulnerablllt\\?rogram were deto- o

The soil consisted mainly of sandy silt . S

- N . s =
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Al.

A2.

o

N Soil samples were taken throughout the test area to _

k dete;mlnensoil properties relevant to the test objectives.” T
The 861l parameters measured incdluded grain=size distribu- ;
.tion, Atterberg limits (liquid and plastic), cohesive.

strength and angle of in»ernal frictlon, density, and,
~moisture content. g - . “
"Most of the. s0il encountered was classified as sand- )
or sandy silt. In general, the soils-with the .higher iper- - -

‘ centages of clay were found hear the surface. Both ‘the \ R
,,h,dstrength ‘tests and the Attenberg indices indicated cohe-" i R
sive strengths ranging from- O psi. in the sands to 20 pai .- coT
" -in the soils with higher clay centents."Al : i

va L : "'I:; g
) References = — .
\\ oo .: L - g . v e

Case Institute of Technology, Railroad Vulnerablllty Pxogram (SECRET)
Technical Memorgndum No. 21 Unlversiﬁy Clrcleflevel d, Ohio,

August 1958. .

W . “
, L ove

Jones, G. H. S.,‘Spackman, N., and Winfield, F. H., Cratering by
Ground Burst TNT at Suffield Experimentsl. btation, Ralston, Alberta

.4

(UNCL’\S_SIFIED) §uff1eld Technical Paper No. 158, August 1959.
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